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ABSTRACT
A study designed co investigate the validity of using

scale scores in lieu of factor scores for factors derived from a
factor analysis technique is presented. The Work Values Inventory
(WVI) was selected for use because of its purported factor structure.
The population consisted of ninth-grade students from a suburban area
of a large metropolitan center. A random sample of approximately 60
students was obtained from each of four schools.. Scores for each
subject were computed by two different methods: factor scoring and
summative scoring. Fewer than 15 factors are required to define the
work value dimensions included in the,WVI. The common variance
between the two techniques ranged from 43.6% to 70.6% with an average
of 54.76%. It is tentatively concluded that the degree to which the
correlation of summative scores and factors scores computed on the
same data deviate from unity is an estimation of their deviation from
"conceptual validity." (CK)
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A typical procedure in educational re is to c:velop a dra ooi?pc:io.:

instrument that is presumahly designed to n_asnre an overall varlhie-1:ithoutw

)

(;)

considering the underlying constructs. The instrum(,nt thus constructed employed

to collect data. Having collected the data the researcher procedes to "de a factcr

analysis" without any presuppositions regerdirg, the factorial complexity of the

instrument. with the factor analysis in hand, hoever, it is easy tr- rationalize

the relationship of items and to name the factors derived. The researcher must

now ]]lake_ the decision as to what type of Scores he will use in the analysis to

test the hypotheses he originally constructed only now adding sub-hypothcse,J for

the newly found factors which are tacitly assumed td have factorial validity.

Although these procedures and assumptions appear to the exploratory Etatistician

to be somewhat sound in practice, once the constructs are identified through factor

analysis, only those items which load highest on ch factor of a rotated factor

matrix are included in the computation of a particular "factor score." In addition,

in order to simplify the scoring of the instrument, it is a common practice to pro-

ceed without theoretical justification to generate "factor scores," or more precisely,

scale scores, by sumMing the standard or raw scores of subjects on those variables

Ely which have largest loadings on the rotated factor matrix. As not by Glass and

Taylor. (1966) sometimes, though less frequently, the loadings of variables on a

factor are used as coefficients in a linear combination of standard scores to yield

"factor scores." Glass and Taylor further state that "both of these techniques arc

* A paper presented to a joint session of the annual meeting of NCNB and AERA,
New Orleans, 1973.



wrong, whether they are applied to components or in co-r,en-factor ana

Glass and Mciguitc! (1956) note that this proced,.-o will produce a set of

"factor scores" having few properties of the legitima!:e factor

"Factor scores" thus derived frequently have ler,- non-zero incereorreltions.

Objective of the Incjuiv.

This study was designed to investigate the validity of using scale scores

in lieu of factor scores for factors derived from a factor analysis te!ehnique.

More specifically, do scale scores delived by summing the response score of the

items which load the highest on the various factors have adequate relationships

to the factor scores and produce sufficiently similar results when employed as

independent variables to justify their use for attitudinal type research.

Instrumentation.

The Work Values Inventory (WI) by Super (1970) was selected for use in

this study because of its purported factor structure (O'Connor and Kinnanc, 1961;

Cable and Pruzek, 1971). The WVI is designed as a wide range value inventory to

assess the goals which motivate man, including values which are both extrinsic

to as well as intrinsic in work. Work values purportedly measured include

Creativity, Management, Achivement, Surroundinss, Supervisory Relations, Way of

Life, Security, Associates, Esthetics, Prestige, Independence, Variety, Economic

Return, Altruism, and Intellectual Stimulation. Thus the underlying constructs

have been thoroughly considered in the development of this instrument.

population.

The population consisted of ninth -grade students from .a suburban area of a

large metropolitan center. A random sample was obtained by randomly ordering the



schools contectini; Clem in order until fo r cooperacin, ,,ore ..ccur

Five schools wc:7 contacted in order to obtain tne Coop: -r atio of ,.00r. A

soreple of eppro%istelv 60 student, ,. uaL: obtained from] uae'fl

was admintered to the students derin school hours, thus assring 1-t-ftipat

of those selected.

Methods,

Scores for each subject were computed by two different methods: factor scores

computed from a component analysis and summative scores of the three items

the highest on each factor. In the latter case, items were assigned to only one

scale based on an a iori decision to include only items with positive loadinL!,s

and to assign items not of unit complexity such that when all scales were. considered,

the highest possible combinations of the loadings wce acquired. While many of

the items in the first three scales were not of unit complexity, it was necessary

to apply this rule for only one item. All other items not of unit complexity leaded

among the highest three on only one factor. The factor scores were obtained by

first computing a principal components factor analysis followed by a valimax

rotation of factors with eigenvalues greater than one. Factor scores were then

computed for each subject by multiplying his standard score matrix by the inverse

of the correlation matrix by the varimax matrix. This may be represented by the

formula:

F= ZR
-1

V (Horn, 1965).

This method of computing factor scores, commonly referred to as "Little Jiffy"

(Kaiser, 1970) was selected for this study because of its popularity in educational

research (Cronbach, 1970; Kaiser, 1970, Glass and Taylor, 1966). In addition,

there was no reason to assume that any of the variables being analyzed were
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Operating as rando!,1 vefiahles. The quesiion of pr, nnH:. - of 12,:.t.

extract, a question which h.,Is ,c -

be approached in this pflp,:!r. Analyses of Co._ -;eor::S ob:Jain:J

computation of the correlation cooffi_cic,nts or.J facf,:erial analv,iF; of

utilizing eacn of the scores as a dependent variable.

were race, social position, and sex ecicl) havi7:g

1]1,- indor,ndent

levels. Social posiui.or,

obtained by employing HollinF,,sheed's (1951.0 scale. Subjet:Ls whose fomilios rdted

6 or higher on the scale were in the low position. 7,-r00p.

Results and Mscussjon.

The results will be presented in throe sections: 1) factor analysis, 2) cori-01-

tions of factor scores and scale scores, 11) ar analysis of variance of scores eloL

by each method.

Factor Analysis.

The principal components factor analysis of the dat a Front the sample of 23:4

ninth grade students produced twelve factors with cigenvalues greater than onc.

Factor loadings re:tilting from the varimax rotation are presented in Tr. bfe 1. The

highest three loadings on each scale and this the items used in the calculation of

the sunniattive scale scores are underlined. A comparison of the items employed to

obtain the scale scores in this study and those recommended by the instrument

developed are provided in Table 2. It appears that fewer than the fifteen factors

described by Super are required to define the work value dimensions included in the

WVI. Gable. and Pruzek (1971) found ten factors produced by an image analysis to

be meaningful. Items front some of the WVI scales could be appropriately grouped

on other scales. Scales which were merged were: 1) Economic Return-Surroundings-

Associates, 2) (Esthetics-Creativity, and 3) Prestige-Management. Results of the



TABLE 1.
Principal Components Rotated (Varimax) Factor Loadings for
Work Value Items*

WVI

Items

Factors
I II 1I1 IV V VI VII VIII IX X XI XII

1 -09 11 42 17 24 -29 23 -16 18 24 -18 -22
2 -05 -01 80 -01 04 -02 04 -03 05 03 03 02
3 09 61 :17E 20 -08 03 -09 30 -00 10 23 -09
4 -03 T 04 14 -02 02 07 09 -05 70 16 01

5 -07 12 05 16 15 66 05 08 07 7 13 09
6 11 49 03 29 03 27 -07 18 13 03 -18 -05
7 02 22 -05 5b 03 15 -14 -06 25 06 -09 08
8 19 23 09 -06 -16 19 -39 06 22 34 -14 19
9 23 65 06 06 16 06 01 10 -02 -01 06 12

10 -02 02 39 12 27 19 09 -02 49 10 12 -03
11 01 26 03 05 10 23 -12 02 TT 13 66 -18
12 13 40 13 13 45 36 -03 -10 08 -00 13 -i3
13 23 07 04 13 sty 08 07 05 -08 -04 10 -06
14 18 22 -08 06 01 01 -12 70 10 13 04 -20
15 03 03 22 59 18 -10 26 07 11 23 07 -05
16 02 01 05 17- 19 15 07 15 -12 06 -02 15
17 07 08 19 Tg 70 02 08 -05 17 09 15 25
18 16 21 09 -13 32 03 -01 06 -07 02 61 -12
19 22 74 07 -04 11 -02 -04 -04 05 -08 T'S 02
20 02 07 20 33 09 19 -11 -07 15 02 -09 65
21 -14 25 17 13 30 35 19 10 34 04 -13 21

22 26 59 -12 -03 06 24 20 17 -04 21 10 15
23 06 -04 07 06 1.-; 13 58 20 04 35 -16 12
24 06 11 12 05 -00 07 32 71 13 02 00 17
25 32 42 02 -12 18 -16 12 IF -11 17 08 41

26 25 01 04 -09 15 42 07 -13 19 34 14 2T
27 44 16 34 -05 05 MW 21 10 -04 18 11 02
28 65 27 10 05 29 -08 -08 10 06 00 -09 -11
29 TS -14 00 10 12 08 06 -00 15 57 -11 -08
30 42 -13 63 09 13 12 08 08 -12 7 00 18
31 41 -02 62 20 09 19 12 10 -10 -05 05 17
32 46 -04 TCC 19 -08 05 04 05 00 41 06 32
33 63 22 -01 -06 05 01 -20 32 09 TIT -18 01

34 65 31 19 10 -07 14 00 06 -13 09 03 -05
35 36 19 10 12 -15 53 29 -02 09 02 06 -09
36 57 27 -05 -G2 12 -IT 91 09 02 06 18 15
37 45 16 12 09 -01 -34 02 39 24 -07 07 10
38 24 13 27 14 02 14 60 02 13 00 -02 -09
39 41 51 -14 -02 -14 13 7 -02 09 15 17 00
40 13 -00 -12 07 -04 09 04 31 74 00 00 06
41 30 25 -05 40 -23 -15 05 -02 TT 01 14 36

42 42 48 -10 10 -23 -07 08 -00 13 -09 35 VI
43 62 09 01 -03 06 07 14 -04 03 08 44 11

44 56 -07 06 12 30 10 15 -07 '36 03 05 07

45 40 -09 24 vilvic 10 06 37 -04 7 02. 00 -00

* decimals have been omitted.
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present stal(y cTHH_:,r ia en 1-! :cI o1

with frcY: t_he of helnrn,

are air;o rrcst

The problem's: th5t arjr,e icr cempctin

items of a fretor analyia can be Ob::1 vd tr
scors, often as_Illied to be arpriat. estil:ates of the

highly intercon:elatd. The intercorroir_ltiors, for s];owa jn

Table 3 computed usii u throe items that loaded the on the roic)te(1

factors, ranged up to .47.

A second problem ::ith srm-aetive scale t,cores is their m,..:lost C 010 3 w'ith

the actual vrimax factor score fr:_,10 which the scales wen,. th!rived. A, shn

Table 4 on the diagonal of the matrix:, the correlation cf

score and the correspordi.-,g scale ilere ranged from .66 to .ea Thu::, the comm:m

variance between the two techniques ra!Ted from /4:3.t")4 to -70.t)'/ an avera;:-,u

54.767

A Research Fxamule.

Researchers may he able, to accept. ncole scores which correlate with the factor

scores as high as those found in this study on the 1:.asis of the results of the

correlational analysis. The true test, nowever, is to employ both types of scores

in a typical educational research analysis and to ascertain what types of conclusions

would be mar:e from each. Thus an analysis of the two sets of scores was made,

utilizing the some data that was factor analyzed to explore the effects of sex,

race, and social position on work values. This 2x2x2 factorial aralysis of variance
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Table 5, t1 uLe of Lic ; a '

eife:,,s

some siei.fic;,.nt r,ain effec t

producedprod;c: U. z rffec;:s.

The reseaelier of 1-11

conclude that feale ore more altrnist.iu adesth:ic tn wnite

more value on :ork provie-o variety,intellectani

opportunities to provid,e service to (a1L-roisia) t.11

and that studeoLs fru.iniir social position are -c,',ore an.rvistic Jiii

are students from low social position families

If the same researcher ho:1 chese.n to :p icy factor ssrcs , yoold have

concluded flint females are more airrui:tio eels v:.miety in

their work and seek presti.,e tun do blacks; and that etuicnts frc:1 1! h

social position families place .,r,ore value On inacpcn,denc - e () Life and ii-

valuc? on supervisory relations than do students f.om low sJcial

Thus the two methods of scoring produced consistent significant m:Iin in

these analyses for race on the variety scale and Sex on the at truism scale. All

other significant main effects were unique to theparti.cular scoring procedin:e.

Conclusions.

Some proponents of factor analysis, such as Guertin an:] Bailey (197()) contend

that the paradigm for determining validity by correlating factors on an instrument

with some external, criterion is antiquated. The paradigm proposed is to employ

factor analysis to "conceptually validate" new ins(ruments. Nany researchers have

employed this paradigm to "validate" research instruments, but have not followed
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logical step to produce factor sccres which would vi.cld

udividual subject.s on the underlying construeLs Which h:T:ve been

"vatiLt Rather they proc edo to sum the raw scores of the highest loading

items which is often throwing together junk with the score being soughL ln the

research oxmple, it: was shown that the two methods of scoring produce substauLially

different results. An investigation of the intercorrelations of summative scale

scores as well as the cross-correlations of the summativc scale scores with the

actual varimak factor scores reveal that the Associate-Prestige value, the must

salient factor, has a considerable amount of coarsen variance with at least six

other scales. Ibis common variance could easily account for significant main

effects in the analysis of variance that emerged for the summative scale scores

and not for the factor scores.

Since varima., factor scores, as all other factor scores in component analysis,

are uncorrelated, it seems reasonable to assume that the degree to which the

correlation of summative scores and factor scores computed on the same data

deviate from unity, is an estimation of their deviation from "conceptual validity."
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